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1.
( ) :
(1.1) $Tu(x)=.[_{\mathbb{R}^{n}} \int_{\mathrm{R}^{n}}e^{i\phi(x,y,\xi)}a(x, y, \xi)u(y)dyd\xi$ $(x\in \mathbb{R}^{n})$ .
$a(x, y,\xi)$ amplitude function , $\phi(x, y, \xi)$ phase function
$\phi(x, y,\xi).=x\cdot\xi+\varphi(y,\xi)$
. , local graph condition
, ( ) .
, Maslov cohomology class ,
, , (1.1)
. , , Egorov theorem
,
.
(1.1) $L^{2}$ , H\"ormander [12] Eskin [10]
. $L^{2}$ .
,
(1.2) $\phi(x, y, \xi)=x\cdot\xi-y\cdot p(\xi)\frac{\nabla p(\xi)}{|\nabla p(\xi)|}$
. $p(\xi)$ 1 . $p(\xi)=|\xi|$
$\phi(x, y,\xi)=x\cdot\xi-y\cdot\xi$ , (1.1) $T$
. (1.2) $T$ , Fourier multiplier
$L_{p}=p(D_{x})^{2}=F_{\xi}^{-1}p(\xi)^{2}F_{x}$
$\mathrm{L}\mathrm{a}\mathrm{p}\mathrm{l}\mathrm{a}\mathrm{c}\mathrm{i}\mathrm{a}\mathrm{n}-\triangle$ . $F_{x}$ ( $F_{\xi}^{-1}$ ) ( )
Fourier transform . , $p(\xi)$ ( 4 ),
$T\cdot(-\triangle)\cdot T^{-1}=L_{p}$
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[1] ) (1.2) , $\partial_{\xi}\partial_{\xi}\phi$
, [1] . [15]
, $J(y,\xi)=\phi(x, y,\xi)-(x-y)\cdot\xi$ $\alpha$ $\beta$ {
$|\partial_{y}^{\alpha}\partial_{\xi}^{\beta}J(y, \xi)|\leq C_{\alpha\beta}(1+|\xi|)^{1-|\beta|}$
, .
(1.2) , $\alpha=0$ .
, (1.2) $L^{2}$- . $m\in \mathbb{R}$
$L_{m}^{2}(\mathbb{R}^{n})$
$||f||_{L_{m}^{2}(\mathrm{R}^{n})}=(.[_{\mathrm{R}^{n}}|\langle x\rangle^{m}f(x)|^{2}dx)^{1/2}:$ $\langle x\rangle^{m}=(1+|x|^{2})^{m/2}$
$f$ . (Theorem 34)
, :
Theorem 1.L $n\geq 2,$ $m\in \mathbb{R}$ . $T$ (1.1) (1.2) .
$p(\xi)\in C^{\infty}(\mathbb{R}^{n}\backslash 0)$ 1 . $a(x, y,\xi)\in$
$C^{\infty}(\mathbb{R}_{x}^{n}\cross \mathbb{R}_{y}^{n}\cross \mathbb{R}_{\xi}^{n})$ , $\xi$ . ,
$\Sigma=\{\xi;p(\xi)=1\}$ ,
$|\partial_{x}^{\alpha}\partial_{y}^{\beta}\partial_{\xi}^{\gamma}a(x, y,\xi)|\leq C_{\alpha\beta\gamma}\langle x\rangle^{m-|\alpha|}$ for all $\alpha,$ $\beta$ , and $\gamma$
$|\partial_{x}^{\alpha}\partial_{y}^{\beta}\partial_{\xi}^{\gamma}a(x, y,\xi)|\leq C_{\alpha\beta\gamma}\langle y\rangle^{m-|\beta|}$ for all $\alpha,$ $\beta$ , and $\gamma$
. $T$ $m_{1}\in \mathbb{R}$ , $L_{m+m_{1}}^{2}(\mathbb{R}^{n})$ $L_{m_{1}}^{2}(\mathbb{R}^{n})$
.
2 , $L^{2}$- .
, Stein [19] .
3 , 2 ,




. , phase function
( , [1] [15] ) .
, Theorem 34( Theorem 33) , SG pseudO-differential(Cordes
[8] ) $\mathrm{S}\mathrm{G}$ Fourier integral operators (CoriascO-Rodino [9]
Coriasco ) $L^{2}$- , .
, $\mathrm{S}\mathrm{G}$ hyperbolic partial differential equations ( ,
30
) . $SG^{m_{1},m_{2}}$
$a=a(y, \xi)\in C^{\infty}(\mathbb{R}_{y}^{n}\cross \mathbb{R}_{\xi}^{n})$ ,
$|\partial_{y}^{\beta}\partial_{\xi}^{\gamma}a(y, \xi)|\leq C_{\beta\gamma}\langle y\rangle^{m_{1}-|\beta|}\langle\xi\rangle^{m_{2}-|\gamma|}$ for all $\beta$ and $\gamma$
. , $\mathrm{S}\mathrm{G}$ Fourier integral operators
$Tu(x)= \int_{\mathrm{R}^{n}}e^{i(x\cdot\xi+\varphi(y,\xi))}a(y, \xi)u(y)d\xi dy$
( mljoint) . $a\in SG^{m_{1},m_{2}},$ $.\varphi\in SG^{1,1}$ ,
$C_{1},$ $C_{2}>0$
$C_{1}\langle y\rangle\leq\langle\partial_{\xi}\varphi\rangle\leq C_{2}\langle y\rangle$ , $C_{1}\langle\xi\rangle\leq\langle\partial_{y}\varphi\rangle\leq C_{2}\langle\xi\rangle$ ,
. [8] [9] , , $a\in SG^{0,0}$ $T$
$L^{2}(\mathbb{R}^{n})$- . , phase
function $\phi\in SG^{1,1}$ , amplitude
function $a\in SG^{0,0}$ , ( )
.




. Ben-Artzi and Devinatz
[2] , $Q(D)$ $Q(\xi)$ .
, Walther [22] $Q(\xi)$ . ,
Theorem 1.1 , $Q(D)$
(Theorem 4.1 ). , [17] .
2.
Fujiwara [11] , L2-
. [19, p.377] .
, $C$ ( ) ,
.
Theorem 21. $I_{\varphi}$
(2.1) $I_{\varphi}u(x)= \int_{\mathrm{R}^{n}}e^{i\varphi(x,y)}a(x, y)u(y)dy$
. $a(x. ’ y)\in C$“ $(\mathbb{R}_{x}^{n}. \cross \mathbb{R}_{y}^{n})$ , $\varphi(x, y)\in C^{\infty}(\mathbb{R}_{x}^{n}\mathrm{x}\mathbb{R}_{y}^{n})$
. , $|\alpha|,$ $|\beta|\leq 2n+1$
lQx\mbox{\boldmath $\alpha$} Ca(x, $y$) $|\leq C_{\alpha\beta}$ ,
.
$|\det\partial_{x}\partial_{y}\varphi(x, y)|\geq C>0$,
, $\partial_{x}\partial_{y}\varphi(x, y)$ $h(x, y)$ , $|\alpha|,$ $|\beta|\leq 2n+1$ {




. $I_{\varphi}$ L2(Rn)- ,
$||I_{\varphi}||_{L^{2}arrow L^{2}} \leq C\sup_{\beta|\alpha|,||\leq 2n+1}||\partial_{x}^{\alpha}\partial_{y}^{\beta}a(x, y)||_{L^{\infty}(\mathbb{R}_{x}^{n}\mathrm{x}\mathrm{R}_{y}^{n})}$
.





$I_{(j,k)}u(x)=g_{j}(x) \int e^{\varphi(x,z)}\dot{.}a(x, z)g_{k}(z)u(z)dz$
. $I_{(j,k)}$ mljoint $I_{(j,k)}^{*}$ . ,
$I_{(j,k)}^{*}u(z)=g_{k}(z) \int e^{-i\varphi(y,z)}\overline{a(y,z)}g_{j}(y)u(y)dy$ .





$= \int e^{i(\varphi(x,z)-\varphi(y,z))}L^{2n+1}(a(x, z)\overline{a(y,z)}g_{k}(z)g_{m}(z))dz$
. $L$
${}^{t}L= \frac{1}{i}\frac{\partial_{z}\varphi(x,z)-\partial_{z}\varphi(y,z)}{|\partial_{z}\varphi(x,z)-\partial_{z}\varphi(y,z)|^{2}}\cdot\partial_{z}$
transpose . , $w$
$\partial_{z}\phi(x, z)-\partial_{z}\phi$ ( $y$ , z)=\mbox{\boldmath $\delta$}x \sim \phi (w, $z$ ) $(x-y)$
,
$|\partial_{z}\varphi(x, z)-\partial_{z}\varphi(y, z)|\geq C|x-y|$
$|\partial_{z}^{\beta}\varphi(x, z)-\partial_{z}^{\beta}\varphi(y, z)|\leq C_{\beta}|x-y|$
$1\leq|\beta|\leq 2n+2$ . , $h\in C_{0}^{\infty}(\mathbb{R}^{n})$
$(h(x)= \int g(z-x)g(z)dz)$ ,
$A= \sup_{-\mathrm{r}_{-[perp]}}||\partial_{x}^{\alpha}\partial_{y}^{\beta}a||_{L^{\infty}(\mathrm{R}_{x}^{n}\mathrm{x}\mathrm{R}_{y}^{n})}1rightarrow 11\theta \mathrm{I}e’\iota$
$|\alpha|,|\beta|\leq 2n+1$
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$|K_{(j,k),(l,m)}(x, y)| \leq CA^{2}\frac{g_{j}(x)g_{l}(y)}{1+|x-y|^{2n+1}}h(k-m)$
.
$\sup_{x}\int|K_{(j,k),(l,m)}(x, y)|dy\leq CA^{2}\frac{h(k-m)}{1+|j-l|^{2n+1}}$ ,
$\sup_{y}\int|K_{(j,k),(l,m)}(x,y)|dx\leq CA^{2}\frac{h(k-m)}{1+|j-l|^{2n+1}}$ ,
$||I_{(j,k)} \Gamma_{(l,m)}||_{L^{2}arrow L^{2}}\leq CA^{2}\frac{h(k-m)}{1+|j-l|^{2n+1}}$
. , (Stein [19, p.284] ) :
Lemma 2.1. $S\text{ }$
$(Sf)(x)= \int s(x,y)f(y)dy$
( . $s(x, y)$
$\sup_{x}\int|s(x, y)|dy\leq 1$ , $\sup_{y}\int|s(x, y)|dx\leq 1$
. $||S||_{L^{2}arrow L^{2}}\leq 1$ .
,
$||I_{(j,k)}^{*}I_{(l,m)}||_{L^{2}arrow L^{2}} \leq CA^{2}\frac{h(j-l)}{1+|k-m|^{2n+1}}$
.





. , Cotlar’s lemma (Calder\’on-Vaiuancourt
[4], Stein [19, Chapter VII, Section 2] ) :
Lemma 2.2. $L^{2}$ - $\{T_{j}\}_{j\in \mathrm{Z}^{r}}$ $\{\gamma(j)\}_{j\in \mathrm{Z}^{r}}$ ,









amplitude function $a(x,y,\xi)$ $y$ .
Theorem 3.1. $T$ &
(3.1) $Tu(x)=. \int_{\mathrm{R}^{n}}.\int_{\mathrm{R}^{n}}e^{i(x\cdot\xi+\varphi(y,\xi))}a(x, \xi)u(y)dyd\xi$





$I_{\varphi}$ , $L^{2}(\mathbb{R}^{n})$- .
$T$ L2(RnY ,
$||T||_{L^{2}arrow L^{2}}\leq(2\pi)^{n/\overline{l}}||a(X, D)||_{L^{2}arrow L^{2}}\cdot||I_{\varphi}||_{L^{2}arrow L^{2}}$
.
Proof. $T=(2\pi)^{n}a(X, D)F^{-1}I_{\varphi}$ .
.
Corollae $\mathrm{y}3.\mathit{2}$ . $T$ (3.1) . $\varphi(y,\xi)\in C^{\infty}(\mathbb{R}_{y}^{n}\cross \mathbb{R}_{\xi}^{n})$
$|\det\partial_{y}\partial_{\xi}\varphi(y, \xi)|\geq C>0$,
$\partial_{y}\partial_{\xi}\varphi(y, \xi)$ $h(y, \xi)$ , $|\alpha|,$ $|\beta|\leq 2n+1$
$|\partial_{y}^{\alpha}h(y,\xi)|\leq C_{\alpha}$ , l \mbox{\boldmath $\tau$}h(y, $\xi$ ) $|\leq C_{\beta}$
. , $a(x, \xi)$ $S_{0,0}^{0}$ ( , $\alpha,$ $\beta$




(1) $\partial_{x}^{\alpha}\partial_{\xi}^{\beta}a(x, \xi)\in L^{\infty}(\mathbb{R}_{x}^{rl}\cross \mathbb{R}_{\xi}^{n})$ for $\alpha,$ $\beta\in\{0,1\}^{n}$ .
(2) $\partial_{x}^{\alpha}\partial_{\xi}^{\beta}a(x, \xi)\in L^{\infty}(\mathbb{R}_{x}^{n}\cross \mathbb{R}_{\xi}^{n})$ for $|\alpha|,$ $|\beta|\leq[n/2]+1$ .
(3) $\partial_{x}^{\alpha}\partial_{\xi}^{\beta}a(x, \xi)\in L^{\infty}(\mathbb{R}_{x}^{n}\cross \mathbb{R}_{\xi}^{n})$ for $|\alpha|\leq[n/2]+1,$ $\beta\in\{0,1\}^{n}$ .
(4) $\partial_{x}^{\alpha}\partial_{\xi}^{\beta}a(x, \xi)\in L^{\infty}(\mathbb{R}_{x}^{n}\cross \mathbb{R}_{\xi}^{n})$ for $\alpha\in\{0,1\}^{n},$ $|\beta|\leq[n/2]+1$ .
(5) $\lambda,$ $\lambda’>n/2$ $(1-\triangle_{x})^{\lambda/2}(1-\triangle_{\xi})^{\lambda’/2}a(x, \xi)\in L^{\infty}(\mathbb{R}_{x}^{n}\cross \mathbb{R}_{\xi}^{n})$ .
(6) $\lambda>1/2$ $C$ , $\alpha,$ $\beta\in\{0,1\}^{n},$ $h=(h_{1}, \ldots, h_{n}),$ $h’=$






$i$ - $\mathbb{R}^{n}$ . $\delta_{\xi}^{\beta}$ .
(7) 2 $\leq p<\infty$ , $|\alpha|,$ $|\beta|\leq[n(1/2-1/p)]+1$ 1 ,
$\partial_{x}^{\alpha}\partial_{\xi}^{\beta}a(x,\xi)\in U(\mathbb{R}_{x}^{n}\cross \mathbb{R}_{\xi}^{n})$
$T$ L2(Rn)- .
Corollary 3.2 $\varphi(y, \xi)=-y\cdot\xi$ ,
$L^{2}$- :(1) $\alpha,$ $\beta\in\{0,1,2,3\}^{n}$
Calder\’on and Vaillancourt[4]1 . (2) (5) Cordes[7], (6)& Childs[5]
. (3) $|\alpha|\leq[n/2]+1,$ $\beta\in\{0,1,2\}^{n},$ (7) $\alpha\leq[n(1/2-1/p)]+1,$ $|\beta|\leq 2n$
Coifman and Meyer[6]t .
Proof. Theorem 3.1 Sugimoto[20] $\mathrm{A}\mathrm{a}$ .
{ amplitude function $a(x, y, \xi)$ $x$ { .
Theorem 3.3. $T$ ae
(3.2) $Tu(x)= \int_{\mathrm{R}^{n}}\iota[_{\mathrm{R}^{n}}e^{i(x\cdot\xi+\varphi(yl))}a(y, \xi)u(y)dyd\xi$
. $a(y,\xi)\in C$“ $(\mathbb{R}_{y}^{n}\cross \mathbb{R}_{\xi}^{n})$ , $\varphi(y,\xi)\in C^{\infty}(\mathbb{R}_{y}^{n}\cross \mathbb{R}_{\xi}^{n})$
. , $|\alpha|,$ $|\beta|\leq 2n+1$
|Qy\mbox{\boldmath $\alpha$} 2a(y, $\xi$) $|\leq C_{\alpha\beta}$
.
$|\det\partial_{y}\partial_{\xi}\varphi(y,\xi)|\geq C>0$ ,
$\partial_{y}\partial_{\xi}\varphi(y,\xi)$ $h(y,\xi)$ , |\mbox{\boldmath $\alpha$} \beta | $\leq 2n+1$
$|\partial_{y}^{\alpha}h(y, \xi)|\leq C_{\alpha}$ , $|\partial_{\xi}^{\beta}h(y, \xi)|\leq C_{\beta}$
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. $T$ L2(Rn)- ,
$||T||_{L^{2}arrow L^{2}} \leq C\sup_{\beta|\alpha|,||\leq 2n+1}||\partial\zeta^{\varphi}\sim a(y, \xi)||_{L\infty(\mathbb{R}_{y}^{n}\mathrm{x}\mathrm{R}_{\xi}^{n})}$
.
Proof. $T=(2\pi)^{n}F^{-1}I_{\varphi}$ ,
$I_{\varphi}u( \xi)=\int e^{i\varphi(y,\xi)}a(y, \xi)u(y)dy$
[ , Theorem 21 Plancherel’s theorem t .
, amplitude function $a(x, y, \xi)$ $x$ $y$
. Asada-Fujiwara [1] , $a(x, y, \xi)$ $\partial_{\xi}\partial_{\xi}\varphi$




Theorem 34. $m\in \mathbb{R}$ . $T$
(3.3) Tu(x) $= \int_{\mathrm{N}^{n}}.\int_{\mathrm{R}^{n}}e^{i(x\cdot\xi+\varphi(y,\xi))}a(x, y,\xi)u(y)dyd\xi$
. $\varphi(y,\xi)\in C^{\infty}(\mathbb{R}_{y}^{n}\cross \mathbb{R}_{\xi}^{n})$
$|\det\partial_{y}\partial_{\xi}\varphi(y,\xi)|\geq C>0$ , $\langle y\rangle\leq C\langle\partial_{\xi}\varphi(y,\xi)\rangle$
. $a(x, y, \xi)\in C^{\infty}(\mathbb{R}_{x}^{n}\cross \mathbb{R}_{y}^{n}\cross \mathbb{R}_{\xi}^{n})$ . ,
:
(1) $\alpha,$ $\beta,$ $\gamma$
$l$ \partial : s \mbox{\boldmath $\xi$}\gamma a(x, $y,$ $\xi$ ) $|\leq C_{\alpha \mathcal{B}\gamma}\langle x\rangle^{m-|\alpha|}$ ,
, $|\alpha|\geq 1,$ $|\beta|\geq 1$ { ,
$|\partial_{\xi}^{B}\varphi(y, \xi)|\leq C_{\beta}\langle y\rangle$ , $|\partial_{y}^{\alpha}\partial_{\xi}^{\beta}\varphi(y,\xi)|\leq C_{\alpha\beta}$ .
(2) $\alpha,$ $\beta,$ $\gamma$
$|\partial_{x}^{\alpha}\partial_{y}^{\beta}\partial_{\xi}^{\gamma}a(x, y,\xi)|\leq C_{\alpha\beta\gamma}\langle y\rangle^{m-|\beta|}$ ,
, $\alpha,$ $|\beta|\geq 1$ ,
$|\partial_{y}^{\alpha}\partial_{\xi}^{\beta}\varphi(y, \xi)|\leq C_{\alpha\beta}\langle y\rangle^{1-|\alpha|}$ .




$T_{b}u(x)= \int\int e^{\mathrm{i}(x\cdot\xi+\varphi(y,\xi))}b(x, y, \xi)u(y)dyd\xi$
, $L^{2}$- .
$b(x, y, \xi)=\langle x\rangle^{m_{1}}a(x, y, \xi)\langle y\rangle^{-(m+m_{1})}$ .
$\chi(x)\in C_{0}^{\infty}(|x|\leq 1/2)$ 1 , $b$ 2
:
$b^{I}(x, y,\xi)=b(x, y,\xi)\chi((x+\partial_{\xi}\varphi(y,\xi))/\langle\partial_{\xi}\varphi(y,\xi)\rangle)$ ,
$b^{II}(x, y,\xi)=b(x, y, \xi)(1-\chi)$ ( ( $x+\partial_{\xi}\varphi$($y$ ,\mbox{\boldmath $\xi$})) \partial \mbox{\boldmath $\xi$}\mbox{\boldmath $\varphi$}(y, $\xi)\rangle$ ).
, $T_{b}$ $T^{I}$ $T^{II}$ .
$b^{I}(x, y, \xi)$ support , $|x+\partial_{\xi}\varphi(y, \xi)|\leq(1/2)\langle\partial_{\xi}\varphi(y,\xi)\rangle$ ,
$|x| \leq|\partial_{\xi}\varphi(y, \xi)|+\frac{1}{2}\langle\partial_{\xi}\varphi(y,\xi)\rangle$ , $| \partial_{\xi}\varphi(y, \xi)|\leq|x|+\frac{1}{2}\langle\partial_{\xi}\varphi(y, \xi)\rangle$
. $\varphi$ , $\langle x\rangle\leq C\langle y\rangle$ . 2
, $\langle\partial_{\xi}\varphi(y, \xi)\rangle\leq 2\langle x\rangle+(1/2)\langle\partial_{\xi}\varphi(y, \xi)\rangle$ , $\langle\partial_{\xi}\varphi(y,\xi)\rangle\leq 4\langle x\rangle$
$\varphi$
$\langle y\rangle\leq C\langle x\rangle$ . (y) $\langle x\rangle$
, (1) (2)
(3.4) |Ox\mbox{\boldmath $\alpha$}\partial s \mbox{\boldmath $\xi$}\gamma b7 $(x, y, \xi)|\leq C_{\alpha\beta\gamma}\langle x\rangle^{-|\alpha|}$
(3.5) $|o\partial_{e}^{\alpha}\partial_{y}^{\beta}\partial_{\xi}^{\gamma}b^{I}(x, y,\xi)|\leq C_{\alpha\beta\gamma}\langle y\rangle^{-|\beta|}$
.
, (3.4) . (3.5) , $x$ $y$
. $\Phi_{0}(x),$ $\Phi_{k}(x)=\Phi(x/2^{k})(k\in \mathrm{N})$
, $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\Phi_{0}\subset\{x;|x|<2\},$ $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\Phi\subset\{x;1/2<|x|<2\}$ , 1 $|\mathrm{J}$
. , $b^{I}$ $b_{k}^{I}(x, y,\xi)=\Phi_{k}(x)b^{I}(x, y, \xi)$ [ .
$b^{I}$ support $\langle x\rangle$ $\langle y\rangle$ , $\tilde{\Psi}_{k}\in C_{0}^{\infty}(\mathbb{R}^{n})$ ,
$k$ { $\tilde{\Psi}_{k}(y)=\tilde{\Psi}(y/2^{k}),\tilde{\Psi}\in C_{0}^{\infty}(\mathbb{R}^{n}\backslash 0)$ ,
$b_{k}^{I}(x, y, \xi)=\Phi_{k}(x)b^{I}(x, y, \xi)\tilde{\Psi}_{k}(y)$
. ,
$b_{k}^{I}(2^{k}x, y,. \xi)=\Psi_{k}(2^{k}x)\sum_{l\in \mathrm{Z}^{n}}e^{il\cdot x}b_{kl}(y,\xi)\tilde{\Psi}_{k}(y)$
. $\Psi_{k}$ $\Phi_{k}$ support ,
$b_{kl}(y, \xi)=\int e^{-il\cdot x}b_{k}^{I}(2^{k}x, y, \xi)dx$
$=(1+|l|^{2})^{-n} \int e^{-il\cdot x}(1-\triangle_{x})^{n}\{\Phi_{k}(2^{k}x)b^{I}(2^{k}x, y,\xi)\}dx$
, $b_{k}^{I}(2^{k}x, y, \xi)$ $x$ . , (3.4)
$|\partial_{y}^{\alpha}ffi_{\xi}b_{kl}(y,\xi)|\leq C_{\alpha\beta}(1+|l|^{2})^{-n}$
37
. $C_{\alpha\beta}$ $k,$ $l\in \mathbb{Z}^{n}$ . , :
$T^{I}= \sum_{l\in \mathbb{Z}^{n}}\sum_{k\in \mathbb{Z}^{n}}e^{il\cdot x/2^{k}}\Psi_{k}T_{kl}\tilde{\Psi}_{k}$
,
$T_{kl}v(x)=. \int.[e^{i(x\cdot\xi+\varphi(y,\xi))}b_{kl}(y, \xi)v(y)dyd\xi$ .
Theorem 33 ,
$|| \sum_{k\in \mathrm{Z}^{n}}e^{il\cdot x/2^{k}}\Psi_{k}T_{kl}\tilde{\Psi}_{k}u||_{L^{2}}^{2}\leq C\sum_{k\in \mathrm{Z}^{n}}||\Psi_{k}T_{kl}\tilde{\Psi}_{k}u||_{L^{2}}^{2}$
.
$\leq C\sup_{k\in \mathrm{Z}^{n}}||T_{kl}||_{L^{2}arrow L^{2}}^{2}\sum_{k\in \mathbb{Z}^{n}}||\tilde{\Psi}_{k}u||_{L^{2}}^{2}$
$\leq C(1+|l|^{2})^{-2n}||u||_{L^{2}}^{2}$
.
$||T^{I}||_{L^{2}arrow L^{2}} \leq C\sum_{l\in \mathrm{Z}^{n}}(1+|l|^{2})^{-n}$
$\leq C$ ,
$T^{I}$ L2- .
, $T^{II}$ . $\rho\in C_{0}^{\infty}$ ,
$\sum_{k\in \mathrm{Z}^{n}}\rho(\xi-k)=1$
( . $b^{\Pi}(x, y, \xi)$
$b_{k}^{II}(x, y,\xi)=b^{II}(x, y, \xi)\rho(\xi-k)$
,
$T_{k}u(x)= \int_{\mathrm{R}^{n}}\int_{\mathbb{R}^{n}}e^{i(x\cdot\xi+\varphi(y\not\in))}b_{k}^{II}(x, y,\xi)u(y)dyd\xi$
. , $b_{k}^{II}(x, y, \xi)$ , ( ) support ,
(3.6) $|Q_{x}$ Qy\beta \epsilon \gamma bV(x, $y,$ $\xi$) $|\leq C_{\alpha\beta\gamma}\langle x\rangle^{-(n+1)}\langle y\rangle^{-(n+1)}$
( $C_{\alpha\beta\gamma}$ $k\in \mathbb{Z}^{n}$ )
. ( $b_{k}^{II}(x,$ $y,$ $\xi)$ .) ,




transpose , $m$ , $b^{II}(x, y, \xi)$ support $\langle\partial_{\xi}\varphi(y, \xi)\rangle\leq$
$C|x+\partial_{\xi}\varphi(y, \xi)|$ , $\varphi$
$(x)\leq|x+\partial_{\xi}\varphi(y, \xi)|+2\langle\partial_{\xi}\varphi(y, \xi)\rangle\leq C|x+\partial_{\xi}\varphi(y, \xi)|$ ,
$\langle y\rangle\leq C\langle\partial_{\xi}\varphi(y, \xi)\rangle\leq C|x+\partial_{\xi}\varphi(y, \xi)|$
. $|x+\partial_{\xi}\varphi|^{-1}$ $\langle x\rangle^{-1}$ $\langle y\rangle^{-1}$ { , $m$
, .
$T_{k}^{*}$ $T_{k}$ adjoint ,
$T_{k}T_{l}^{*}v(x)= \int K_{kl}(x, y)v(y)dy$, $T_{k}^{*}T_{l}v(x)= \int\tilde{K}_{kl}(x, y)v(y)dy$ ,
$K_{kl}(x,y)= \int\int\int e^{i\{x\cdot\xi-y\cdot\eta+\varphi(z,\xi)-\varphi(z,\eta)\}}b_{k}^{II}(x, z,\xi)\overline{b_{l}^{II}(y,z,\eta)}dzd\xi d\eta$,
$\tilde{K}_{kl}(x, y)=,[_{\iota}\int_{1}[e^{i\{\varphi(y,\xi)-\varphi(x,\eta)+z\cdot(\xi-\eta)\}}b_{l}^{II}(z, y,\xi)\overline{b_{k}^{II}(z,x,\eta)}dzd\xi d\eta$
.
$\int e^{i(\varphi(z,\xi)-\varphi(z,\eta))}b_{k}^{II}(x, z,\xi)\overline{b_{l}^{II}(y,z,\eta)}dz$
$= \int e^{i(\varphi(z,\xi)-\varphi(z,\eta))}L^{2n+1}(b_{k}^{II}(x, z,\xi)\overline{b_{l}^{II}(y,z,\eta)})dz$
. $L$
${}^{t}L= \frac{1}{i}\frac{\partial_{z}\varphi(z,\xi)-\partial_{z}\varphi(z,\eta)}{|\partial_{z}\varphi(z,\xi)-\partial_{z}\varphi(z,\eta)|^{2}}\cdot\partial_{z}$
transpose . , $\beta$





$|K_{kl}(x, y)|\leq C\langle x\rangle^{-(n+1)}\langle y\rangle^{-(n+1)}(1+|k-l|^{2n+1})^{-1}$
. $C$ $k,$ $l\in \mathbb{Z}^{n}$ . ,
$\sup_{x}\int|K_{kl}(x, y)|dy\leq C(1+|k-l|^{2n+1})^{-1}$ ,
$\sup_{y}\int|K_{kl}(x,y)|dx\leq C(1+|k-l|^{2n+1})^{-1}$
, Lemma 2.1













. Lemma 22 , $T^{II}$ $L^{2}$- .
, :
Corollary 3.5. $m\in \mathbb{R}$ . $T$
$Tu(x)= \int_{\mathrm{R}^{n}}\int_{\mathrm{R}^{n}}e^{i(x\cdot\xi-y\cdot\psi(\xi))}a(x, y, \xi)u(y)dyd\xi$
. , $a(x, y,\xi)\in C^{\infty}(\mathbb{R}_{x}^{n}\cross \mathbb{R}_{y}^{n}\cross \mathbb{R}_{\xi}^{n})$ . $\psi$ : $\mathbb{R}^{n}\backslash 0arrow$
$\mathbb{R}^{n}\backslash 0$ $C^{\infty}$ -map , $\lambda>0$ $\xi\in \mathbb{R}^{n}\backslash 0$ . $\psi(\lambda\xi)=\lambda\psi(\xi)$
. ( $\psi$ Jacobian $\mathrm{t}_{\mathit{1}}\mathrm{l}$ , $a(x, y,\xi)$
$\xi$ . ,
$|\partial_{x}^{\alpha}\partial_{y}^{\beta}\partial_{\xi}^{\gamma}a(x,y,\xi)|\leq C_{\alpha\beta\gamma}\langle x\rangle^{m-|\alpha|}$ for all $\alpha,$ $\beta$ , and $\gamma$
$|$
$x$ y $\partial_{\xi}^{\gamma}a(x, y, \xi)$ |\leq \epsilon \mbox{\boldmath $\alpha$}\not\in $\langle y\rangle^{m-|\beta|}$ for all $\alpha,$ $\beta$ , and $\gamma$
. $T$ $m_{1}\in \mathbb{R}$ , $L_{m+m_{l}}^{2}(\mathbb{R}^{n})$ $L_{m_{1}}^{2}(\mathbb{R}^{n})$
.
4.
, $n\geq 2$ . $p(\xi)\in C^{\infty}(\mathbb{R}^{n}\backslash 0)$ 1 ,
$L_{p}=p(D_{x})^{2}=F_{\xi}^{-1}p(\xi)^{2}F_{x}$
, Fourier multiplier . , $\Sigma=\{\xi;p(\xi)=1\}$ Gaussian curva-
ture . , Gauss map
$\frac{\nabla p}{|\nabla p|}$ : $\Sigmaarrow S^{n-1}$
, Jacobian . (Kobayashi-
Nomizu[14] ). , Corollary 35
$\psi(\xi)=p(\xi)\frac{\nabla p(\xi)}{|\nabla p(\xi)|}$ ,
, Theorem 1.1 .
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$\psi,$ $\psi^{-1}$ : $\mathbb{R}^{n}\backslash 0arrow \mathbb{R}^{n}\backslash 0$ $C$“-maps $\psi\circ\psi^{-1}=\psi^{-1}\circ\psi=id$
. ,
(4.3) $T_{\psi}u(x)=F_{\xi}^{-1}[(F_{x}u)(\psi(\xi))](x)$ , $T_{\psi}^{-1}u(x)=F_{\xi}^{-1}[(F_{x}u)(\psi^{-1}(\xi))](x)$
. $T_{\psi}^{-1}\circ T_{\psi}u=T_{\psi}\circ T_{\psi}^{-1}u=u$ .
,
(4.4) $T_{\psi}\circ a(D)\circ T_{\psi}^{-1}=(a\circ\psi)(D)$
. $a(D)=F_{\xi}^{-1}a(\xi)F_{x}$ .
(4.5) $\psi(\xi)=p(\xi)\frac{\nabla p(\xi)}{|\nabla p(\xi)|}$
, (4.4)
(4.6) $T_{\psi}\circ(-\triangle_{x})\circ T_{\psi}^{-1}=L_{p}$
. , $\Sigma$ Gauss map , $\psi(\xi)$
inverse $C^{\infty}$-map $\psi^{-1}(\xi)$ $\text{ }$ . (4.3) Plancherel’s the-
orem , $T_{\psi}$ $T_{\psi}^{-1}$ L2- .





. (4.6) . (4.7) ,
(4.8) $||\sigma(X, D)v||_{L^{2}(\mathrm{R}_{t}\mathrm{x}\mathrm{R}_{x}^{n})}\leq C||g||_{L^{2}(\mathrm{R}_{x}^{n})}$
.
$\sigma(X, D)=\langle x\rangle^{-1}\langle D\rangle^{1/2}$
. (Ben-Artzi and Klainerman [3], Simon [18], Kato and Yajima [13], Walther
[21] ) . , (4.1)
. , cut-Off function $\chi$
$\tilde{T}_{\varphi}=(1-\chi)(D)T_{\varphi}$
41





. , (4.4) $a(\xi)=(1+|\xi|^{2})^{1/4}$ , Fourier
multipliers .
$\sigma(X, D)(1-\chi)(D)u=\langle x\rangle^{-1}M\tilde{T}\langle x\rangle\sigma(X, D)v$





. $u(t, x)=F_{\xi}^{-1}\exp(itp(\xi)^{2})F_{x}f$ , Schwartz’s inequality
Plancherel’stheorem l
$|D^{\alpha}\chi(D)u(t, x)|\leq C||\exp(itp(\xi)^{2})\xi^{\alpha}\chi(\xi)(F_{x}f)(\xi)||_{L^{1}(\mathrm{R}_{\xi}^{n})}\leq C||f||_{I^{2}(\mathrm{R}_{x}^{n})}$,
.
, ( Ben-Artzi and Devillatz [2] ,
$p(\xi)^{2}$ ) :
Theorem 4.1. $\chi(\xi)\in C_{0}^{\infty}(\mathbb{R}^{n})$ , 1 . ,
(4.1) $u(t, x)$ , $\alpha$
$||D^{\alpha}\chi(D)u||_{L(\mathrm{R}_{t}\mathrm{x}\mathrm{R}_{x}^{n})}\infty\leq C||f||_{L^{2}(\mathrm{R}_{x}^{n})}$ ,
$||\langle x\rangle^{-1}\langle D\rangle^{1/2}(1-\chi)(D)u||_{L^{2}(\mathrm{R}_{t}\mathrm{x}\mathrm{R}_{x}^{n})}\leq C||f||_{L^{2}(\mathrm{R}_{x}^{n})}$
.
. , $\mathrm{t}_{1}\mathrm{r}\mathrm{u}\mathrm{n}\mathrm{c}\mathrm{a}\mathrm{t}\mathrm{e}\mathrm{d}$ oper-
ator $\tilde{T}_{\psi}$ $L_{-1}^{2}$- . $\psi$ , $T_{\psi}$
$L_{-1}^{2}$ - . ,
(4.1) \dagger
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